Cenozoic tectonic activity in north China is more intense than in the surrounding regions [Ma, 1989] as indicated by geologic and seismic data. However, some debate exists as to whether the resistivity changes are related to the earthquake or to another factor. In the next sections we examine possible causes of changes in crustal resistivity, considering both tectonic and hydrologic effects.
Meteorologic and Hydrologic Data Meteorologlc Field Data
The Chinese electrical resistivity measurements are shallow and are therefore likely to be sensitive to changes in water Figures 10 and 11 . In the Tianjin region, SQ experiences an upwelling of water to become artesian [Mei, 1982] . Water level generally leveled out for about 1.5 years following the Tangsban earthquake, after which it decreased (Figures 10 and 11) .
Discussion
The resistivity data show long-term temporal anomalies that do not appear to be explained by changes in rainfall. These anomalies are particularly interesting because they are consistent between neighboring stations and define a regionalscale areal anomaly prior to the Tangsban earthquake. The resistivity data appear to correlate with changes in water level and define a pattern that is consistent with the geologic and tectonic features of north China (Figures 2 and 3) . The data are also consistent with strain measurements prior to the Tangsban earthquake, which indicated shortening over a 120-m baseline beginning in about 1975 [Zhao et al., 1991; . Many of these observations have been known for some time, however, the problem has always been to develop a physical mechanism that accounts for the magnitude of the resistivity changes relative to strain and water level fluctuations and the temporal and spatial scales of the apparent precursory signals. While a full discussion based on the currently available data is beyond the scope of this paper, there are several points that can be addressed. qualitatively consistent with such a mechanism. They show that dilatancy and resistivity changes begin well before macroscopic failure. What is less appreciated is that among different syntheQc fault experiments, there are large differences in behavior depending on the effective roughness and geometry of the fault (Figure 12 ). In laboratory faults for which the gouge thickness is large compared with the roughness of the bounding surface, dilation develops gradually with increasing shear strain compared to faults for which roughness is large. Fault gouge effectively reduces roughness and geometric complexity at wavelengths less than the gouge thickness. Since gouge thickness increases and geometric complexity decreases with accumulated fault offset [e.g., $cholz, 1987; Wesnousky, 1988 Wesnousky, , 1990 , the laboratory data imply differences in the prefailure behavior of immature fault zones versus faults with wide gouge zones. Thus, rough geometrically complex fault zones such as in north China may show more dilation at lower shear strains than well-worked, gouged-fdled faults such as the San Andreas. Clearly, more work needs to be done to test this speculation.
While a tectonic link between resistivity and groundwater is qualitatively appealing, the principal difficulty with such models and the current data is the requirement to produce apparent precursory signals at distances of the order of 100-200 km from the epicentral region. If the earthquake nucleation region is assumed to be small (of the order of 100 m or less, consistent with modeling studies and strain measurements [e.g., Roy and Marone, 1996 TANGSHAN   1966  1970  1975  1980   I  I  I  I  I  I  I  I  I  I  I  i 
